pairs only with a T in the other strand, a G pairs only with a C. Genetic information is encoded in the sequences of the bases. The two strands of native DNA molecules will separate if heated in solution to ca. lOO"C, which dissociates ("melts") the hydrogen bonds between base pairs. Upon cooling, the doublestranded molecules reform because the complementary bases on the two strands reassociate. If the temperature is maintained at or near 60°C base pairing will occur only between long homologous sequences of nucleotides. This is because only long sequences of complementary bases have sufficient bonding strength to maintain stable duplexes at that temperature, and only homologous sequences possess the necessary degree of complementarity. Thus, under appropriate conditions of temperature and salt concentration, the dissociated single strands of conspecific DNA will reassociate only with their homologous partners and the matching of complementary base pairs will be essentially perfect.
The Wrentit (Chamaea fasciata) occurs in chaparral and other dense, brushy, plant formations in western Oregon, California, and northwestern Baja California. The question of its affinities to other passerines has been debated since the 1850' s. Sibley (1970:57-60) reviewed the taxonomic history of the Wrentit and presented electrophoretic comparisons between its egg white proteins and those of many other oscine taxa. He concluded that the total evidence did not offer a clear choice between the sylviine warblers and the timaliine babblers as the closest relatives of Chamaea and that the question of the "relationships of the wren-tit remains open and further evidence should be presented before the affinities of the wren-tit are considered to have been proved beyond doubt" (p. 60). More recently, Sibley and Ahlquist (1980) concluded that Chamaea is a babbler. In the present paper we offer additional data showing that the sylviine warblers and timaliine babblers are actually ecotypes of a single varied assemblage and that the Wrentit probably was derived from an Asiatic babbler.
METHODS
pairs only with a T in the other strand, a G pairs only with a C. Genetic information is encoded in the sequences of the bases. The two strands of native DNA molecules will separate if heated in solution to ca. lOO"C, which dissociates ("melts") the hydrogen bonds between base pairs. Upon cooling, the doublestranded molecules reform because the complementary bases on the two strands reassociate. If the temperature is maintained at or near 60°C base pairing will occur only between long homologous sequences of nucleotides. This is because only long sequences of complementary bases have sufficient bonding strength to maintain stable duplexes at that temperature, and only homologous sequences possess the necessary degree of complementarity. Thus, under appropriate conditions of temperature and salt concentration, the dissociated single strands of conspecific DNA will reassociate only with their homologous partners and the matching of complementary base pairs will be essentially perfect.
Similarly, if the single-stranded DNA molecules of two different species are combined under conditions favoring reassociation, "hybrid" double-stranded molecules will form We have used the DNA-DNA hybridization ' between homologous sequences. However, technique to examine the taxonomic relation-these hybrid molecules will contain misships between the Wrentit and other passer-matched base pairs because of the differences ines. The genetic material, deoxyribonucleic in their nucleotide sequences (i.e., nucleotide acid (DNA), is a double-stranded molecule substitutions) that have evolved since the two composed of linear sequences of four "nucleo-species diverged from their most recent comtides" which differ in the chemical structures mon ancestor. The mismatched bases reduce of their nitrogenous bases, namely, adenine the bonding strength holding the two strands (A), thymine (T), guanine (G), and cytosine together and cause them to dissociate at a tem-(C). In double-stranded DNA the bases occur perature lower than that required to melt conas complementary pairs: an A in one strand specific double-stranded DNA molecules. The The extent to which the bases in the homologous nucleotide sequences of any two single strands of DNA form complementary A-T and G-C pairs can be determined by measuring (1) the percentage of hybridization and (2) the thermal stability of the reassociated double-stranded molecules. Following is a synopsis of the technique, which is described in more detail by Sibley and Ahlquist (198 l), and based upon procedures described by Kohne (1970) and Britten et al. (1974) .
DNAs of the species in Tables I-4 repeated sequences to form double-stranded molecules while the slowly reassociating single-copy sequences remained single-stranded. The latter were recovered by chromatography on a hydroxyapatite column. This process produced a single-copy DNA preparation consisting of one copy per genome of each original single-copy sequence and at least one copy per genome of each different repeated sequence. Such a single-copy preparation contains at least 98%, and probably lOO%, of the "sequence complexity" of the genome, i.e., the total length of different DNA sequences (Britten 197 1, pers. comm.). Kohne (1970:334-347) has discussed the reasons for using only singlecopy DNA in studies designed to determine "the extent of nucleotide change since the divergence of two species." The single-copy DNA sequences of the Wrentit, the Short-tailed Jungle Babbler (Trichastoma malaccense), the Garden Warbler (Sylvia borin), and the Lesser Whitethroat (S. curruca) were labeled with radioactive iodine (' 2sI) according to the procedures of Commorford (197 1) and Prensky (1976) . DNA-DNA hybrids were formed from a mixture composed of one part (=250 ng) radioiodine-labeled single-copy DNA and 1,000 parts (=250 pg) sheared, whole DNA. The hybrid combinations were heated to 100°C for 10 min to dissociate the double-stranded molecules into single strands, then incubated for 120 h (=C,t 16,000) at 60°C to permit the single strands to form double-stranded hybrid molecules.
The DNA-DNA hybrids were bound to hydroxyapatite columns immersed in a temperature-controlled water bath at 55°C and the temperature was then raised in 2.5"C increments from 55°C to 95°C. At each of the 17 temperatures, the single-stranded DNA produced by the melting of double-stranded hybrids was eluted in 20 ml of 0.12 M sodium phosphate buffer.
The radioactivity in each eluted sample was counted in a Packard Model 5220 AutoGamma Scintillation Spectrometer, optimized for 1251. A teletype unit connected to the gamma counter printed out the data and punched a paper tape, which was read by the computer program. The computer program calculated the modal values of the frequency distributions of radioactive counts for each DNA-DNA hybrid by fitting the data to a modified form of the Fermi-Dirac equation. The difference in "C between the modal temperature of the homoduplex hybrid (e.g., Chamaea X Chamaea) and each of the heteroduplex hybrids (e.g., Chamaea X Trichastoma, etc.) is called the "delta mode," which is used as a single number statistic to compare the nucleotide sequences of the radioiodine-labeled species with each of the other species in a set of DNA hybrids. We have found that delta mode values up to ca. 3 are usual for congeneric species; up to ca. 9 for members of the same family; and between ca. 10 and 14 for members of different families in the same order. These values are approximate and subject to an error of Yc 1.0.
The delta mode values in Tables l-4 are measurements between the labeled species and the other species in each table, but not among the latter. Two species that have the same delta mode values are equidistant phylogenetically from the labeled taxon, but may be any distance from one another which is equal to, or less than, their common distance from the labeled species. Only a complete matrix of DNA-DNA measurements provides the basis for a complete phylogeny. The delta mode values are subject to an experimental error of & 0.5"C.
RESULTS
In Tables 2-4 
DISCUSSION
These data indicate that the Old World warblers, the babblers, and the Wrentit are closely enough related to be included within a single family; they also show that the boundary between the babblers and warblers is not clearly defined. In Table 1 the delta mode values for babblers and warblers are interspersed in the sequence of taxa progressively more distant from Chamaea. The values in Table 2 suggest that the babbler genera Trichastoma, Malacopteron and Kenopia are especially closely related. The data in Tables 3 and 4 The kinglets (Regulus) are sometimes included in the Sylviidae and sometimes placed in a separate family, Regulidae. The delta modes of 9.4 for the Trichastoma-Regulus hybrid (Table 2 ) and 9.7 for the Chamaea-Regulus hybrid (Table 1) do not lend support to either alternative. The DNA of Regulus, like that of Parus, must be labeled and compared with DNAs from additional taxa to determine its relationships.
The sylviine warblers, muscicapine flycatchers, and turdine thrushes have often been included in a single family, but the data in Tables  2 and 4 indicate We conclude that the sylviine warblers and timaliine babblers, including Chamaea, are closely related to one another and are ecotypes resulting from adaptive radiation within a single monophyletic group, rather than representatives of separate sister groups. Their next closest relatives are probably the titmice (Paridae) but we prefer to defer proposals for the restructuring of the classification of these forms until the completion of DNA comparisons among other oscine taxa.
